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DESCRIPTION 
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DEFORMABLE SCAFFOLDING MULTICELLULAR STENT 



This application is a continuation-in-part of 
application Serial No. 08/970,694 filed November 14, 1997 
the disclosure of which is expressly incorporated herein by 
reference. 

FIELD OF THE TWVRWTTnw 
The present invention relates generally to implantable 
devices for use within the cardiovascular system, and more 
particularly to deferrable prostheses for implantation 
within and/or between blood vessels, and to methods of using 
them. 

BACKGROUND 

A variety of stents are known for use within arteries 
of a patient for treating stenoses, strictures, aneurysms, 
and the like. For example, a stent may be implanted within 
a partially occluded region of an artery to retain stenotic 
material beneath the stent and/or to open the lumen of the 
artery to improve blood flow therethrough. 

Stents generally have a substantially cylindrical shape 
and are expandable between a contracted condition for 
facilitating delivery and an enlarged condition for engaging 
the vessel wall after deployment within the artery. stents 
may be self-expanding, i.e., they may be biased to the 
enlarged condition but restrained in the contracted 
condition during delivery, for example within a sheath. 
Alternatively, stents may be substantially malleable or 
Plastically deformable, i.e., the stent may be delivered in 
a contracted condition on a delivery catheter, and expanded 



W ° 99/62430 PCT/US99/10645 

2 

by a balloon on the delivery catheter, until it plastically 
deforms into the enlarged condition. 

Many stents include a plurality of segments or cells 
that are separated by one or more connectors extending 
between adjacent segments. For example, U.S. Patent No. 
5,104,404 discloses an expandable stent that includes a 
number of cylindrical segments, with single hinges, 
connecting adjacent segments. Because of the rigidity of 
the individual segments of the stent, the hinges are 
intended to provide articulation between the adjacent 
segments. 

When the stent is deployed within a curved portion of a 
vessel, the individual segments substantially resist bending 
to conform to the curvature of the vessel. The articulation 
provided by the hinges allows some conformity with the 
curvature of the vessel; however, the hinges may create gaps 
between the segments and/or may cause the segments to 
overlap one another. Material, such as stenotic material on 
the vessel wall, may extend through the gaps into the vessel 
lumen, possibly obstructing blood flow and/or breaking loose 
and traveling downstream where they may cause substantial 
damage to the patient being treated. 

To reduce the likelihood of gaps occurring, some stents 
provide a number of connectors extending between adjacent 
segments. Increasing the number of connectors 
substantially, however, may increase the rigidity of the 
stent, which may cause problems during stent delivery. For 
example, when the stent is being delivered along a 
circuitous arterial path, the rigidity of the stent, 
particularly in its contracted condition, may impair 
advancement of the stent around tight bends in the artery. 

Alternatively, some stents may include flexible 
connectors that are deformed when the segments are expanded 
to the enlarged condition. The resulting connectors may 
deform substantially to become part of the stent structure, 
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i.e., they may deform substantially such that they lose 
their flexibility and are then unable to accommodate 
transverse bending forces. 

in addition, some known stents have substantial gaps 
5 wxthrn the individual segments themselves or between the 
connectors, and so may not effectively "scaffold" the 
underlying vessel wall, i.e., may not supporfc the 
wall to maintain a desired open lumen cross-section and/or 
may expose material extending from the vessel wall into the 
bloodstream. Initially, stents in their contracted 
condition may have substantially few gaps within the 
^dividual segments, i.e., peripherally about the 
circumference of the segments. When the stents are expanded 
to their enlarged condition, however, substantial gaps may 
be created at one. or points along the circumference either 
wxthin the segments, due to the design of the segments or to 
uneven expansion of the individual segments, or between the 
connectors . 

The risk of uneven radial expansion may be particularly 
problematic with respect to balloon-expandable stents due to 
the nature of the balloons generally used. Balloon- 
expandable stents ere typically manually compressed onto an 
inelastic balloon provided on the delivery catheter 
Because of its inelasticity, the balloon is typically rolled 
crrcumferentially or otherwise wrapped around the catheter 
before the stent is placed over it, thereby attempting to 
ensure that the balloon is not snagged or damaged during 
delivery or deployment of the stent. 

Once the stent is delivered intraluminally to a desired 
regron within a vessel, the balloon is inflated to expand 
the stent to its enlarged condition. As the balloon unwraps 
durrn, inflation, it may subject the stent to radial forces 
that are not substantially even along the length and/or the 

o7t°hT,r ^ StMt - -me regions 

the balloon may expand more guickly than other regions 
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that have not yet fully unwrapped, causing locally 
heightened radial forces which may cause uneven radial 
expansion of the stent. Because of the unevenly distributed 
forces, a portion of the circumference of the stent 
overlyzng an initially unwrapped region of the balloon may 
be xpanded greater than an adjacent portion where the 
balloon has not yet fully unwrapped. This may substantially 
increase the ria k of over-expanding portions of the 
and thereby creating gaps in the over-expanded portions 

in an effort to provide a uniform enlarged condition, 
stents generally have a substantially uniform pattern 
extending about the circumference of the individual 
segments and generally have segments of egual lengths. 
Because of the uneven radial forces which may be encountered 
durrng expansion, however, these stents may not expand 
substantially uniformly despite the intended result of their 
uniform designs. This problem may be further exacerbated 
because individual stents are generally intended to be 
expanded to a range of potential enlarged sizes, for 
example, between 3.0 mm and 5. 5 ^. while at the upper 
Of the range, the radial forces may become more even and 
expand the stent more uniformly, the stent may be prone to 
uneven expansion at the lower end of the range, where 
localized heightened radial forces are more likely to occur 

Accordingly, it is believed that there is a need for 
stents which more effectively scaffold the vessel wall 
and/or which substantially evenly engage vessel walls 
particularly within curved vessel regions, and for me hods 
and systems using such stents. 

SUMMARY OF THE INVF.MTTnH 
The present invention is directed to implantable 

" ithi " b ° dy PaS "^' Particularly within 
the cardrovascular system, and more particularly to 
deformable prostheses for implantation within and/or between 
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blood vessels, and to methods of using them to create and/or 
maintain connections between adjacent blood vessels 

In one aspect of the present invention, a stent is 
provided for implantation within a body passage that 
includes a plurality of expandable segments defining a 
circumference and a longitudinal axis, and a connector 
extending between adjacent segments. Each segment includes 
an aiternating pattern of curvilinear elements extending 
about the circumference. 
> _ m a preferred embodiment, the alternating pattern 

includes a first set of curvilinear elements having a first 
resistance to expansion and a second set of curvilinear 
elements having a second resistance to expansion 
substantially higher than the first resistance to expansion. 
Consequently, each segment is expandable between a 
contracted condition, a first or intermediate expanded 
condition, and a second or final expanded condition 
Preferably, the first expanded condition is achieved when a 
radial force exceeding the first resistance to expansion is 
applied to the segment, and the second expanded condition is 
achieved when a radial force exceeding the second resistance 
to expansion is applied to the segment. 

More preferably, the first and second sets of 
curvilinear elements are substantially »„» shaped elements 
having first and second longitudinal lengths, respectively, 
the second longitudinal length being substantially less than 
the first longitudinal length. The substantially »0» shaped 
elements of the first and second seta o, curvilinear 
elements are connected to one another to define a 
substantially sinusoidal pattern extending ciroumferentially 
along the segments, the sinuaoidal pattern having an 
alternating amplitude defined by the first and second 
longitudinal lengths. Alternatively, the substantially »u» 
shaped elements may have first and second thicknesses or 
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Partially circumf erentially along the 

::: :;; nc : h de£ined by the pi ™^ - ~ 

o extend and compress axially substantially evenly when the 
force. Al though the connector may extend and compress the 

:~:;i„ f :irr rr — — - - 

' h8 c °nnector remains substantially 
at penary and distinct from the adjacent segments 
not become part of the cellular structure itself 
Furthermore, the connector preferably includes a 'pair of 

for facilitating articulation of the adjacent segments 
auhstantially transverse about the longitudinal axis 

to provide " imPO " ant " Pe " ° f P ~ is 

to provide a stent that includes a substantially tubular 
member plastically deformable between contracted and 
enlarged conditions, including a plurality of cylindrical 
segments and connectors for facilitating articulatio o t he 

ri;i; y T al se9ments about the io ^™ 

example, when the stent is bent during delivery in . 
scaffolds the wall of the body passage. 

a devicVfTLV 5 ""' PfeSent "™ to 

device for delivering an expandable stent, such as that 

Previously described, to a site within a patient's o 

i t I: lnClUd8S " el °" gate — '» Proximal and 

distal ends, a nose cone on the distal end, and an 

expandable member on the eiongate member proximate to the 

no e cone or receiving an expandable stent thereon. The 

facilitate insertion along a body passage. 
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The stent delivery device also preferably includes an 
outer sheath slidable over the elongate member, the outer 
sheath including a lumen for receiving the elongate member 
therethrough. The outer sheath includes a distal end having 
a diameter substantially similar to the widened portion of 
the nose cone for substantially sealing the lumen when the 
distal end of the outer sheath engages the widened portion 
of the nose cone and/or to provide a substantially smooth 
transition therebetween to facilitate advancement of the 
stent delivery device through the body passage. In 
addition, the outer sheath may include one or more perfusion 
holes extending between an outer surface of the outer sheath 
and the lumen for allowing continued perfusion of fluid 
along the body passage during stent delivery. The nose cone 
may also include perfusion holes proximal and distal of the 
widened portion. 

In addition, the stent delivery device also may include 
a shoulder on the elongate member proximate the expandable 
member. The shoulder preferably has a blunt distal edge for 
engaging a proximal end of an expandable stent received on 
the expandable member to prevent substantial proximal 
movement of the expandable stent. The shoulder may also 
include a substantially tapered proximal edge to facilitate 
withdrawal of the elongate member from a body passage. 

The device may be used in a method for implanting a 
prosthesis or stent within a curved region of a body 
passage, the stent including a plurality of cylindrical 
segments and a plurality of connectors extending between 
adjacent segments, as previously described. The stent is 
placed in a contracted condition on a distal end of a stent 
delivery device, the distal end of the stent delivery device 
is advanced along the body passage, and the stent is 
positioned within the curved region. The stent is then 
expanded, first to an intermediate enlarged condition to 
substantially eliminate localized radial forces, and then 
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further to a final enlarged condition, the circumferential 
pattern of alternating curvilinear elements expanding 
substantially evenly about a circumference of the stent to 
scaffold the curved region. The stent delivery catheter may 
then be withdrawn from the body passage, leaving the stent 
substantially permanently implanted within the curved 
region. 

More preferably, the stent delivery device is used in a 
method for delivering an expandable stent to a selected 
delivery site within a patient's body, for example, within 
the cardiovascular system. The stent delivery device 
includes an elongate member having an expandable member on 
its distal end, a tapered nose cone, a proximal shoulder, 
and an outer sheath for slidably receiving the elongate 
member therein. The stent is placed in a contracted 
condition on the expandable member, and the elongate member 
is inserted into the outer sheath to cover the stent. The 
distal end of the elongate member is advanced along a body 
passage within the patient's body, and the stent is 
positioned at the selected delivery site. The outer sheath 
is withdrawn proximally to expose the stent at the selected 
delivery site, and the stent is expanded to an enlarged 
condition with the expandable member. The method described 
may be particularly useful for creating and/or maintaining a 
channel connecting a vein to an adjacent artery, preferably 
in the coronary system. 

Other objects and features of the present invention 
will become apparent from consideration of the following 
description taken in conjunction with the accompanying 
drawings . 



BRIEF DESCRIPTI ON OF THE DRAWINGS 
FIG. 1A is a side view of a preferred embodiment of an 
unexpanded stent in accordance with the present invention. 
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FIG. IB is a side view of the stent of FIG . 1A expanded 
to a first enlarged condition. 

FIG. ic is a side view of the stent of FIG . 1A expanded 
to a second enlarged condition. 
5 FIG. 2 is a flat view of the unexpanded stent of FIG 1 

unrolled to more clearly show the configuration of the stent 
elements . 

FIG. 3A is a perspective view of the stent of FIG IB 
expanded to the first enlarged condition. ' ' 

FIG. 3B is a perspective view of the stent of FIG IB 
with a proximal portion of the stent further expanded to a' 
second enlarged condition. 

FIG. 4A is a cross-sectional side view of two adjacent 
blood vessels with a guide wire placed through a channel 
between the vessels. 

FIGS. 4B and 4C show a balloon catheter delivered over 
the guide wire and positioned between the vessels of FIG 
4A with the balloon collapsed for delivery and expanded'for 
dilating the channel, respectively. 

FIG. 4D shows a stent delivery device being delivered 
over the guide wire, after withdrawal of the balloon 
catheter of FIGS. 4B and 4C. 

FIGS. 4E and 4F show a stent being positioned across 
the channel of FIG . 4D with the assistance of markers on the 
stent delivery device, and an outer sheath being retracted 
to expose the stent, respectively. 

FIGS. 4G and 4H show a balloon on the stent delivery 
device of FIGS. 4E and 4F being inflated to expand the stent 
to its enlarged condition, and being deflated to facilitate 
withdrawal of the stent delivery device, respectively 

FIG. 41 shows the stent delivery device of FIGS. 4G and 
4H being withdrawn, leaving the stent in place across the 
channel . 
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stentT;-^ " 3 Vi6W ° f 3 Prefe " ed embodiment of a 

n d t d6ViCe ' * St6nt PlaCed in * coll.p.«, 

condxtxon over a balloon on the stent delivery device 
FIG. 5B is a cross-sectional side view the stent 
5 delivery device of FIG. 5A. 

FIG. 6A is a cross-sectional side view of another 
preferred embodiment of a stent delivery device with a nose 
cone, a backstop, and an outer sheath. 

FIG - 6B is * cross-sectional side view of the distal 

heath I StSnt dSliVery d6ViCe ° f FIG - 6A ' With the «*.r 
sheath substantially engaging the nose cone. 

FIG. 6C is an alternative embodiment of the stent 
delivery device of FIG..6B, with a tactile indicator 
protrusion on the outer sheath. 

FIG 6D is another alternative embodiment of the stent 
delivery device of FIG. 6B , with . dilation balloon on 
outer sheath. 

Of a IT/- 13 3 Slde ° f an ° ther P " f «" d -*o«U-»t 

of a stent delivery devioe, similar to FIG. 6, with a 

Plurality of perfusion holes through the outer sheath and 
the nose cone. 

FIG. 7B is a detail of the distal end of the stent 
delivery device of FIG. 7A, showing fluid flow through the 
perfusion holes. 

FIG ,T, 7C " " Vl6U ° f Stent Of 

?A Placed »«"«■> two adjacent blood vessels. 

DETAILED DESCRimgN OF THE PREFFlRRF.n EMBODIMENTS 
Turning now to the drawings, FIGS . 1-3 show a preferred 
embodiment of an implantab l e prosthesis or stent 10 in 
accordance with the present invention. Generally, the stent 
o C PlU " lity " ™* ble =VHndrical segments 

Which ! an<1 3 PlU " lity ° f ""-^tlng connectors 1, 

which extend between adjacent cells 12. 
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memb P " ferably ' the stOTt W i- an initially solid tubular 

18, that is preferably formed from a substantially 
plastically deforce material, suoh aa stainless steel 
* Type 3161, tantalum, H P 35N cobalt . alloy, or Hitinol . The 
walls of the tubular member are seleotively removed by high 
precision cutting e.g. laser cutting, ohemical 
-ter ,et cutting or standard tool machining, to provide the 
pattern o cells 12 and connectors 14 described in detail 
10 below. Alternatively, the stent may be formed from a flat 
shee, o£ material that is roiied ^ 

after creating the pattern of cells 12 and connectors 14 

With. particular reference to FIG . 2, each cell 12 
includes, an alternating circumferential pattern of 
curvrlinear elements or struts 20 which extends about the 
Circumference 18. Preferably, the alternating pattern of 
curvilinear elements 20 includes a first set of curvilinear 
e ements 22, having a first resistance to expansion, that 
alternates with a second set of curvilinear elements 24 
having a second resistance to expansion that is 
substantially higher than that of the first set of 
curvilinear elements 22. The first and second resistances 
to expansion correspond to the resistance of the curvilinear 
25 d , 24 *> ^formation, i.e., once first and 

25 econd piastic yield strengths of the curvilinear elements 
22, 24, respectively, are exceeded. Alternatively, more 
than two sets of curvilinear elements may be provided in the 
circumferential pattern, if the sets are alternated to 
provide a cyclical pattern about the circumference 18 

More preferably, the first and second sets of 
curvilinear elements 22, 24 are substantially »„» shaped 
elements, extending substantially parallel to the 
longitudinal axis !6, connected to one another to form a 
continuous alternating amplitude sinusoidal or -zigzag- 
segment that extends about the circumference 18 of the cells 
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12. The first set of curvilinear elements 22 has a first 
longitudinal length or "amplitude" 26 that is substantially 
longer than a second longitudinal length or amplitude 28 of 
the second set of curvilinear elements 24.. thereby providing 
5 a longer relative lever arm that results in the lower 

resistance to radial expansion, as will be appreciated by 
those skilled in the art. In a preferred form, the first 
longrtudinal length is about 0.0.5 inches, and the second 
ongitudinal length is about half the first longitudinal 
10 length. 

in an alternative form, the first and second sets of 
curvilinear elements 22, 24 may have simil ar longitudinal 
lengths, but may have different thicknesses or diameters 
(not shown) . For example, the first set of curvilinear 
elements may have a first thickness that is substantially 
smaller than a second thickness of the second set of 
curvilinear elements, thereby providing the first and second 
resistances to expansion, respectively. Alternatively, a 
combination of different shapes, lengths and/or thicknesses 
may be provided for the first and second set of curvilinear 
elements that result in the first and second resistances to 
expansion, as will be appreciated by those skilled in the 
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art. 



Due to the differences in resistances to expansion of 
the fxrst and second sets of curvilinear elements 22, 24 
the cells 12 may be expandable between a contracted 
condition (FIG. 1A) , an intermediate or first expanded 
condition (FIG. IB), and a final or second expanded 
condition (FIG. 1C) . The first expanded condition is 
achieved when a radial force at least as great as the first 
Plastic yield strength is applied to the cells 12, and the 
second expanded condition is achieved when a radial force at 
least as great as the second plastic yield strength is 
applied to the cells 12, as is described more particularly 
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Extending between the cells 12, the connectors 14 
generally include a curve that extends at least partially 
deferentially along the circumference 18 of the stent 
10, i.e., substantially transverse to the longitudinal axis 

In a preferred embodiment, the connectors 14 define a 
sinusoidal shape 30. The sinusoidal shape 30 is adapted to 
expand and contract substantially evenly parallel to the 
longitudinal axis 16 when the adjacent cells 12 are 
subjected to bending. 

in addition, the sinusoidal shape 30 also maximizes 
surface engagement of a body passage. The transverse 
portions 30a, 30b extend substantially transversely with 
respect to the longitudinal axis 31, thereby providing 
additional circumferential scaffolding to minimize gaps 
circumferentially between the connectors 14 which may ■ 
otherwise result due to the smaller length of the second set 
of curvilinear elements 24. 

Preferably, the connectors 14 are provided in pairs 
located opposite one another about the circumference' 18 of 
the cells 12, and more preferably four connectors 14 are 
provided that are evenly spaced about the circumference 18 
between each pair of adjacent cells 12. When the stent 10 
ia subjected to bending, the pairs of connectors 14 
facilitate articulation of the adjacent cells 12, thereby 
resulting in a substantially uniform cross-section interior 
lumen 32 within the stent 10 that substantially scaffolds 
the vessel wall and minimizes the creation of gaps between 
adjacent cells 12. 

When the stent 10 is bent substantially transversely 
wxth respect to the longitudinal axis 16, as shown in FIGS 
3A and 3B, it is preferred that an outer radiused portion 36 
of the stent 10 extend longitudinally and an inner radiused 
portron 34 compress longitudinally to minimize any overall 
change in length of the stent 10. The sinusoidal shape 30 
of the pair of connectors 14 facilitates this by providing a 
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t^ul r iStanCe " de£0rmatl ° n «~ t. either 

*«««. T hU5 , a pair of connectors 

tend 7 " inn9r P0 " i0nS 34 ' 36 ° f * — -» 

extend and compress longitudinaHy substantially evenly 

thereby facilitating articulation of the stent 10 
substantially evenly about the longitudinal axis „ and 
su s antially eliminating the creation of gaps between the 
adjacent cells 12. 

PIGS SU " S r tially " S " ° f Ste " 10 in 

f r "h flnl r ^ 3 """""^ -^ration 
the " 6 9 C °" diti0n - In thiS -""^ration, 

the stent 10 may be used to maintain a channel between 
decent body passages, such as adjacent blood vessels (not 
shown, as described further below. More particularly, as 
shown rn PIG. 3B, the stent 10 may be expanded to 
enlarged condition on a distal end 10a, and to the second 
enlarged condition on a proximal end 10b to facilitate 
Placement between adjacent blood vessels having different 

20 oT h rS ', e ' 9 ' betWee " " a " ery ^ ' "spectively 
20 (not shown). Additional information on procedures for 

creating and/or maintaining channels between adjacent body 

08/970,694 fried November U, 1997 , the disclosure Qf „ h 
rs expressly incorporated herein by reference. 

Returning to the cells 12, the alternating pattern 20 
of curvrlrnear elements described above is an important 
feature of a stent 10 in accordance with the present 
invention, which may be illustrated by generally describing 

he dep oyment of the stent !0. The stent !0 is delivered 
to a selected delivery site within a body passage, such as a 
blood vessel (not shown,, using a stent delivery device 

2 i sit?, Sh °" n ^ " GS - ^ Snd 5B 

The stent delivery device 100 includes an elongate catheter 
body or tubular member 102 having , dista! end 1 M adapte 
for insertion into a body passage. 
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•or otherwi 1100 " ^ " — « - attached to 

or otherwise provided on the oatheter bo<Jy pref 

with a marxer 106> such as a radiopaque ^ on 
catheter body 102 in a predetermined relationship with the 
J n 108 ' — 108 i. ly f orm I d from 

il " ' 5U ° h " that expands to a 

drafter preselected to correspcnd to the diameter of the 
body passage into which the stent 10 is to be implanted. 

typicalV " 3 ineUStiCit ^ «» ™^««ed balloon 10S is 
typically wrapped around the elongate member 102. e g bv 
rolling the balloon 108 circumf erentially 

The stent 10 is compressed over the balloon 108, and 
delivered during a surgical procedure, such as the preferred 
--d -scribed below. Once the stent 10 is advance n" 

at I r iti0ned " deliV " y ball °°« l °» i- 

in FIGS . 5A and 5B) . As the balloon 108 inflates, it may 
not unwrap substantially uniformly, causing the radial 
forces applied to the cells 12 to be initially located, 

:z\zt portions of the ceiis 12 -* - ~ — 

Because the first set of curvilinear elements 22 (not 
shown m KS8 . 5fl and 5B) of the ceUs 12 a iQuer 

resistance to expansion than the second set of curvilin 
elements 24, the first set of curvilinear elements 22 
expands more quickly than the second set of curvilinear 
elements 24, thereby expanding the cells 12 to their 
intermediate enlarged condition ,FIG. IB) . After the 
balloon 108 is substantially unwrapped, it may be inflated 

urther, thereby applying . substantially uniform radial 
force to the cells 12. When this substantially uniform 
radial force is applied to the alternating resistances to 
expansion of the first and second sets of curvilinear 
elements 22, 2,, the radial force of the balloon 108 is 
distributed substantially circumferential^ evenly about the 
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circumference of the cpIU n *-u 

12 to the f , eX P andin ^ the cells 

to the fl „al enlarged condition (see FIG . ic, while 
su b 3tantiall y eli minating localized ^.^JJ fc 
create gaps within the ceils 12. 
5 In addition, aithough the connectors 14 may extend and 

-press as the adjacent cells „ are expanded, e in 
curved body passage, the connectors 14 preferably o lot 

p re oLm tlaUy - StatSd «» 

10 the ad ao r ai " SUbStantla1 ^ "^"-ry and distinct from 
J-u tne adjacent seqments 1 7 -i ~ 

g ntS 12 ' 1 - e " retaining a substantially 

sinusoidal shape, and do not become part or the ce " 

structure of the stent 10. 

for delrverrng a stent 10 in accordance with the present 

:;: r , s *• - . —red M z nt s i m 

P rtrcularly in „ 0 . tt , . . t .„ t „. ^ 
del verrng an expandable stent 10 is provided, which 
includes an elongate catheter body 202 with an expandable 

203, a drstal end 204, and a lumen 210 extending 
therebetween for directing the catheter body 202 over a 
guide wire 110 (FIGS . 4a-4t> Th „ m ,, . , 

of the c-h „ u ' ' atenals and dimensions 

the catheter body 202 are otherwise similar to 

ZITIT Cathet " dSViCeS ' " b = appreciated by 

those skilled in the art. 

The nose cone or dilator 212 is attached to the distal 
end 204 of the catheter body 202 and h a ♦ 
tl . ,,, . - ,,. y dU2 ' and has a tapered distal 

tip 216 to facrlrtate advancement along a body passage 
0 and/or to dilate partially occluded regions of the body 
passage. The nose cone 212 may be provided from 
substantially flexible and or resilient material, such as 
Pebax®, polyurethane, polyethylene, or nylon, adap Z \l 
.mrmrre damage to tissue during advancement of the tent 
deirvery device 200 within the body passage. The nose cone 
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212 has a „ idened portion 214 , pre£ 

not .ore than about , French , thereby u p.^^* 
lnSeI ' 0n int ° ' M «- ««* as into a patient's 

s rr; r:r r nose cone 212 -* • — ~- 

(not H aUeinatiVely * -bstanttaUy blunt proximal end 
not shown, for e„ g a g in g the distal edge 36 of the ^ ^ 

to prevent substantia! d istai movement or tbe stent 10 

respect to the oatheter body 202. 

The balloon 208 is attache, to the catheter body 202 

prolate to the nose cone 212. The balloon 203 preferably 

has an annular shape that is formed from a substantially 
melastic material, such as polyethylene or nylon, an d 
preferably has a predetermine, inflated diameter selected to 
correspond to the size of the stent 10 in its enlar g .d 
condrtron and/or to the body passa g e info which the stent 10 
" \° " len 9 th selected to correspond to the 

leno h of the stent 10, as will be appreciated by those 
skilled rn the art. The interior of the balloon 208 
communicates with an inflation lumen (not shown, which 
extends proximally from the distal end 204 of the catheter 
body 02 to a source of inflation media, such as saline (not 
shown,. Alternatively, other instable or mechanically 
expandable members may be provided instead of the balloon 

The shoulder or backstop 213 is provided on the 
oatheter body proximate the balloon 208. The shoulder 213 
has a substantially blunt distal ed g e 21< for en gag in g a 
Proxrmal end 36 of the stent !0 received on the balloon 208 
to prevent substantial proximal movement of the stent 10. 
T h shoulder 213 also preferably has a tapered proximal ed g e 

who a b" " ithdlaUal ° f ° athetei b °* 202 

wrthrn a body passage. The shoulder 213 may be inte g rally 

formed as part of the catheter body 202 or it may be a 

separate attached member. 
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The catheter body 202 may also inolude one or more 
markers, such as the radiopaque marker 206, thereon The 
marker 206 preferably has a predetermined relationship with 
the balloon 208, and consequently to the stent 10 placed 
thereon, to facilitate positioning of the stent 10 at the 
delivery site. Per example, the marker 206 may be placed at 
a midpoint of the balloon 208 as shown, thereby allowing the 
stent 10 to be centered across a body passage 
Alternatively, a marker may be provided adjacent to either 
end of the balloon 208, i.e. adjacent the proximal ^ ^ 
and/or the distal end 36 of the stent. m a further 
alternative, the nose cone 212 and/or the shoulder 213 may 
be provided from a radiopaque material or may be marked at a 
predetermined location thereon. 

The outer sheath 220 is an elongate member having a 
proximal end 222, a distal end 22,, and a lumen 226 therein, 
that is slidable over the catheter body 202, i e the 
catheter body 202 may be slidably received within'the lumen 
226 xn the outer sheath 220. Preferably, the distal end 224 
of the outer sheath 220 is tapered to facilitate advancement 
along a body passage, and more preferably, the distal end 
224 has an inner diameter similar to the widened portion 214 
of the nose cone 212. Thus, when the catheter body 202 is 
received within the outer sheath 220, the distal end- 224 may 
engage the widened portion 214 to provide a substantially 
smooth surface which may facilitate advancement of the stent 
delrvery device 200 through a body passage. In particular, 
the resulting smooth surface may facilitate advancement of 
the nose cone 212 and outer sheath 220 through a channel 
created between two adjacent blood vessels, with minimized 
risk of snagging or getting caught on loose tissue in the 
channel. In addition, the outer sheath 220 may engage the 
nose cone 212 to substantially seal the lumen 224 and 
thereby prevent fluid contact with the stent 10 until 
exposed at the delivery site. 
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The stent delivery device 200 may also include a handle 
or control mechanise 230 cn the proximal end 203 of the 
catheter body 202. The handle 230 may include an cuter 

5 body 202 is fixed, and a slider 23, slidable with respect to 
the housrng 232, i.e., „ ithin . cavity 236 

proximal end 222 of the outer sheath 220 may be attached to 
the slrder 234, such that when a thumb grip 238 or other 
slrder control is engaged and drawn proximally, the outer 
Sheath 220 may be withdrawn proximally, for example, to 
expose the balloon 208 when a stent 10 is initially placed 
thereon or to expose the stent 10 at the delivery site 

With particular reference to FIGS . 4A-4I and 6A, the 
stent delivery device 200 may be used in a method for 
creating and/or maintaining a channel between adjacent body 
passages, such as a channel 262 between a coronary vein 252 
and a coronary artery 254. A guide wire 110 is 
percutaneously introduced into a passage in a patient's 
body, such as a femoral vein, advanced into the coronary 
vein 252, and placed through the intervening tissue 260 into 

(FIG COr0n " y art " y " 4 ^ PI ° Vide 8 ChannSl 2 " 

A balloon catheter 260 is advanced over the guide wire 
HO until a marker 284 cn the balloon catheter 280 is 
positioned in a predetermined relationship with the channel 
262, e.g the marker 284 may be centered under a balloon 
282 on the balloon catheter 280 (FIG. 4B) . The balloon 282 
« then inflated to dilate the channel 262, i.e., to push 
the surrounding tissue 260 adjacent the channel 262 away and 
provide a cross-section sufficiently large to allow 
substantially unimpaired blood flow between the artery 254 
end the vein 252 (FIG . 4C, . The balloon 280 may then be 
deflated, and the balloon catheter 280 withdrawn over the 
guide wire 110 and out of the body. 
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Alternatively, other methods may be uaad to enlarge the 
channel 262 ins tead of using ^ 

example, the ohannel 262 may he debulked hy removing 
intervening tissue 260 using energy , ^ 
5 freguency energy , or by cuning ^ - ° 

intervening tissue 26 0, with over-the- g uide wire 
instruments, until a desired si Z e channel 262 is prod uoed 
oh I T h alter ""— ^« devioes may he used, 

0 12 o t r ChanlCa " y eXPa " dable — °r 'he nose oone 
212 of the stent delivery catheter 200, as described below 

co„d>- St T 10 " aVin9 9 PredeteCTi -d length and enlarged' 
oondrtron drameters is selected tc correspond with the 

ZTZT 1 :: " Channal 262 ' »« -/or the 

. Site is ; S nt 10 may te P ^ ^ted if the delivery- 

Site is known prior to the co^encement of the procedure or 

e s ent 10 may be seiected once the site for the 
262 as selected during the course of the procedure. The 
stent 10 is then placed on a stent delivery device 200, as 

sIieLT; 6A - Generally ' the atent d — — -o 

is selected to correspond to the selected stent 10 and 
delivery site, i.e., based on the dimeter of the catheter 
body 202, the inflated balloon 20 8 and/or the outer sheath 

The balloon 200 may be rolled or otherwise wrapped 
around the catheter body 202, and the stent, in its 
.contracted condition, is pl aced over the balloon 208, for 
-ample, by manually compressing the stent 10 onto the 

TZ h T " e ° Uter ShSath 220 ™ th » >» »*™ced ever 
the catheter body 202 until its distal end 224 substantially 
engages the nose oone 212, thereby substantially 
-nt 10 within the lumen 226 in the outer sheath 220 ' 
Alternatively, the stent 10 may be sufficiently secured to 

delivered without the cuter sheath 220, as shown, for 



15 



WO 99/62430 

PCT/US99/10645 

:™ :r:; t 5A and 5b - - - - « ^ — 

The stent delivery device 200 is then advanced over the 
guide wire U. untii the nose cone 212 passes through the 
5 channel 2,2 (ne . „, . The tapered ^ ^ £ 

nose cone 212 facilitates the advances of the stent 
delivery catheter 200 through the channe! 262. The widened 
Portron 21, of the nose cone 212 may have a size 
the channel 262 to further dilate the channel 262 as the 
nose cone 212 is advanced therethrough. Alternatively, the 
nose cone 212 may he used to dilate the channel 262 in plaC e 
o the. balloon catheter 280. For example, as the nose le 
212 is advanced through the channel 262, the intervening 
tissue 26 may he pushed substantially away to dilate the' 
channel 2S2 , although u _ y be ^ 

advance the nose cone 212 multiple ti.es to effectively 
dilate the channel 262. 

In a further alternative, shown in FIG. 6D, the outer 

20 : :r 22 : r *~ * — »- ^z :i 

hiT The ^^o» 2!S „ ybestailarlo 

ou : h 10OT deSCribed «»t -tached 

around t e outer sheath 220, P referahly such that the outer 
sheath 220 and unexpanded balloon 228 have a diameter of 
about twelve French or less. When the outer sheath 220 and 
the nose cone 212 are advanced and contact the undiluted 
1Tb f ' " ° ther Pa " ial <*• balloon 228 

Z aliow" I T " ° Pen b ° dy PaSSa9 - - d 
to allow further advancement or withdrawal 

^ The substantially smooth transition between the outer 
sheath 220 and the nose cone 21, i« , ■ 

. . u=e cone 212 is an important feature, 

which may minimize snagging or otherwise damaging the 
surrounding tissue 260 with the distal end 224 of the outer 
s^ath 220. The smooth transition may also minimize 
catching the distal end 224 of the sheath 220 on loose 
tissue, a lesion or other constrictions in the body passage 
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l h :ice1oO PreVant fUIther * d ~ nt ° £ "» "«* ~ 
In addition, because the outer sheath 220 substantial^ 
contains the stent X0 therein, the outer sheath 220 

the tissue 260 surrounding the channel 262, which may 
otherwise occur it an exposed stent 10 is advanced 
therethrough. The outer sheath 220 may also substantially 
rotect the stent 10 itself during advanced over the 
0 gu,de wire 10. For example, the cuter sheath 220 ma y 
protect the stent 10 from being dislodged fro . the stent 

th I ! P ~^' » a location other 

then the intended delivery site. Thus, the outer sheath 220 
»ay substantially eliminate the risx of emergency surgical 
■ Procedures to recover loose stents 10. Alternatively! i 
the outer sheath 220 is eliminated, the blunt edge 21, of 
the shoulder 213 and/or of the nose cone 212 may 
sufficiently protect the stent 10, and prevent substantial 
axial movement of the stent 10 as it is being advanced 
through the body passage. 

with IT StSnt 10 bS POSUi °- d — the channel 262 

2 a L " £ m " kerS 2 ° 6a ' 2 ° 6b - Pref "' bl - «» 
206 06b are radiopague, such that they may be viewed 

using fluoroscopy, or other external imaging methods. The 
-rxers 206a, 206b, shown in F1GS . 4E and ^ fQr 
are provided on the nose cone 212 and the shoulder 213 ' 
approximate the location of the proximal and distal edg 
31, 36, respectively, of the stent 10 

220 n Mtein : tiVeli " 35 TIG. 6B, the outer sheath 

220 may include one or more protrusions 227 for assisting in 

in FIG. 6B) . For examplei protrus . on 

zitit: rounded annuius moidea — «» »*« 

ste t 1 e " Predeter '" i ^ »"h respect to the 

10, e.g., at a midpoint thereof. The protrusion 227 
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"ay allow a user to detect when the outer sheath 220, and 
consequently the stent 10, are properly positioned across 
the channel 262, for example, based upon the resistance of 
the protrusion 227 to advanced beyond the channel 262, 
whrch „ay substantially reduce the ris k of over-advancing 
the stent. 10 beyond the channel 262. 

Once the stent 10 is properly positioned, the outer 
sheath 220 is withdrawn proxi.ally to e!lpose the ^ 

io ZTllT^T 1 262 <FIG - 4F> - The bsl1 ™ 208 -y 

cond t eXPandln9 Stent 10 t0 -barged 

condrtron (FIG. „, . The in£latio „ Qf ^ J 

be performed in two steps , fi „ t by ^ * 

208 to a frrst pressure, thereby expanding the stent 10 to 

15 bali nte Tr ate Snlar9ed C ° nditi0n " d ^tapping the 

balioon 208 substantially fro, the catheter body 202 (not 
shown,, and then by inflating the balloon 208 to a second 
brgher pressure to fully expand the stent 10 to its final 
enlarged condition (FIG. 4G) . 

The balloon 208 may then be deflated (FIG. 4a). and 
then the stent delivery device 200 may be withdrawn over the 

pet: "\ r i e 110 (fig - 411 ' ieavin * the 10 

permanently rmplanted across the channel 262. Preferably 
the stent 10 substantially engages the lumens 256, 258 of 
*e vein 252 and artery 25,, respectively, as well as the 
tissue 260 surrounding the channel 262 to provide a 

art^^T^ P "" W *» ^ "~ the 
artery 254 and the vein 252. 

In one form, the space between the cells 12 and/or 
between the curvilinear elements 22, 24 remains 

rr*! 1 ' open ' thereby permitting fiuid - ^ 

along the vessel and not cross through the channel 262 into 
the other vessel. For example, when a coronary vein is used 
to bypass an adjacent occluded coronary artery, it may be 
Cesrrable to continue to allow some Wood flow along the 
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ZTZl T* " P " fUSe ^°^« « gi on. 
direct an « -7 8 18 ° f the stent 10 to 

. iTr^rtr ths ~ ~ — - 

10 e^ple, the ste« 10?' r ln " GS - 3B 4H - F - 

interrelate nlaL d „ SSleCte<1 SUCh tt » ^ <* 

o* tee arte/* and "° " ^"^^ *» «» "-ter 

=o rr e SPOnd 3 lo : e e r:;\v niar9ed c ° ndui ° n 

» the dia.eter may bT^l " ^ 1 "« h ' 

— -8 sho „ e ; a ;™ — o f t h e 

the stent 10. Alternat' , aCUlt " e pro P« expansion of 
-pand tne sten \ e LsT ™ * <° 

the .etnod prev^sl^ r ^ r^""' 

»y be advanced over tne guide s , " 3 "°" d baU ™ 
cells 12 or portions of th 9 e st e en 7 o \ 10 to ^ -P«i«e 

:r - - - ~- ~ —r 
-y he : 1 1 n r sei - uhiie the - «■ 

y ex P an a to engage the wall of r h Q 
Proximal end 10b of the stent in ^ The 

stent 10 may automatically enlarge. 
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to continuously e„ s a 9 e the wall o£ tKe vein , 
accommodating subsequent venous expansion „hi ch m J OCCUI 
ova, time ss the vein is subjected to arterial pressure 
The distal end 10a may be plastically 

His; ::r on catbeter - <° * — - — ° 

ds described previously. 

usino I t h an0ther emb ° diment - Particularly with regard to 
using the prosthesis 10 between two vessels to form an 
anastomosis therebetween, it may be desirable to firm the 

Prosthesrs 10 may be generally circular. 

P mote 108 ? 0 "" 6 " 10 " 5 ln thlS Par " CUl " ™ation »y 
promote a better physiologic response to the 

relent, by lessening turbulence in the blood flow and 
imitating a more natural vessel condition 

stent'LT" 9 t0 7A " ?C ' " ait "»»^e embodiment of a 

stent delivery device 300 is shown that provides continued 
ood per£uslon during stent ^^^^ ^ _ ed 

another aspect of the present invention. Most of the 
elements of this device are similar 

in FIG 6A „ fh ,. v ' , the emb °^nt shown 

increase: i by Z ^ " f ™ — 

cathe^:::r^ a :\:: s :t:e d ;:r a inV avice 300 ^ * 

-carving the catheter body 302 therethrough, or to a 

separate lumen (not shown,. The nose cone 31J 

one ore perfusio „ hQles 3s2 _ proxiMi = udes 

^widened portion 314. with a perfusion lumen 356 (show 
m phantom in FIG . 78, extending between them. 

For example, as shewn i„ fig. 7c, the stent delivery 

::r: s 0 LTLtcr v cross a channai 262 — ■ 

artery 254, for example during the stent 
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zzzzrszz 25 ? rr 320 may 
rr n hoies — «~ rirr 
o~r h y impaired - b — ° f - hT 

the ar ; y ; h :r er ' b ' ood may continue to travei 

The hi „ ° U9h the P^^ot, holes 350 

es 3 lr th then ~ - « on 

llns 3 6 and t :° Se C ° ne 312 ' th " U * «» 

dI " d the " " ent « th. artery 254 through the 

luV:: et perfusion hoies 354 to — - '~. 

Whrle the invention is susceptible to varioos 

thereof have been shown in the drawings and are herein 

in » should he understood, however, that 

the rnventton is not to he li mU ed to the particular fori 
I' meth ° dS di =— ' to the contrary, 'the inventron is 

o over ail .edifications, e q uivalents and alternative 
falU„ g wrthin the spirit and scope of the appended cl L 
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WHAT IS CLAIMED IS: 

1- A prosthesis for implantation within a body 
passage, comprising: 

a plurality of expandable segments defining a 
crrcumference and a longitudinal axis, eaoh segment 

extend '1 alternat1 " 9 P3 "" n <* curvilinear elements 
extend ng about the circumference, the alternating pattern 

resrstance to expansion and a second set of curvilinear 
elements having a second resistance to expansion 
substantially higher than the first resistance to expansion; 

a connector extending between adjacent segments. 

2- The prosthesis of claim 1, wherein each segment is 

condition, and a second expanded condition, the first 
expanded condition being achieved when a radial force 
exceeding the first resistance to expansion is applied to 
the segment, the second expanded condition being achieved 
when a radial force exceeding the second resistance to 
expansion is applied to the segment. 

3. The prosthesis of claim 1, wherein the first and 
second 3 ets of curvilinear elements comprise substantially 
0 shaped elements having f irst an d second longitudinal 
length respectively, and wherein the second longitudinal 
length 15 substantially less than the first longitudinal 



4. The prosthesis of claim 3, wherein the 
substantially shaped elements of the first and second 

sets of curvilinear elements are connected to one another to 
defrne a substantially sinusoidal pattern extending 
crroumferentially along the segments, the sinusoidal pattern 
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having an alternating amplitude defined by the first and 
second longitudinal lengths. 

5. The prosthesis of claim 1, wherein the connector 
5 further comprises a pair of connectors located opposite one 
another on the circumference for facilitating articulation 
of the adjacent segments substantially transverse to the 
longitudinal axis. 

10 6. The prosthesis of claim 1, wherein the connector 

includes a curve extending at least partially 
circumf erentially along the circumference defined by the 
plurality of segments. 

15 7. The prosthesis of claim 6, wherein the curve of 

the connector defines a sinusoidal shape adapted to extend 
and compress axially substantially evenly when the adjacent 
segments are subjected to a predetermined bending force. 

20 8 . An expandable stent, comprising a continuous 

tubular member plastically deformable between contracted and 
enlarged conditions and including a plurality of cylindrical 
segments, and a plurality of connectors extending between 
adjacent cylindrical segments, each cylindrical segment 

25 having an alternating circumferential pattern of curvilinear 
elements having different resistances to radial expansion. 

9. The expandable stent of claim 8, wherein the 
circumferential pattern comprises first and second sets of 
30 "U" shaped elements having first and second longitudinal 

lengths, respectively, and wherein the second longitudinal 
length is substantially less than the first longitudinal 
length . 
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10. The expandable stent of claim 9, wherein the 
substantially "U" shaped elements are connected to one 
another to define a substantially sinusoidal pattern 
extending circumf erentially along each cylindrical segment, 
5 the sinusoidal pattern having an amplitude alternatively 
defined by the first and second longitudinal lengths. 



11. The expandable stent of claim 8, wherein the 
connector further comprises a pair of connectors located 
10 opposite one another on the circumference for facilitating 
articulation of the adjacent cylindrical segments about the 
longitudinal axis. 



12. The expandable stent of claim 8, wherein the 
15 connector includes a curve extending at least partially 

circumf erentially along the circumference defined by the 
plurality of cylindrical segments. 

13. The expandable stent of claim 12, wherein the 

20 curve of the connector defines a sinusoidal shape adapted to 
extend and compress axially substantially evenly when the 
adjacent cylindrical segments are subjected to a 
predetermined bending force about the longitudinal axis. 

25 14. An expandable stent, comprising: 

a plurality of cylindrical segments plastically 
deformable between contracted and enlarged conditions and 
defining a circumference and a longitudinal axis; and 

a connector extending between adjacent segments, each 
30 connector having a substantially sinusoidal shape extending 
about an axis substantially parallel to the longitudinal 
axis . 



15. The expandable stent of claim 14, wherein the 
35 connector further comprises a pair of connectors located 
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opposite one another on the circumference of the cylindrical 
segments, and wherein the sinusoidal shape allows opposing 
pairs of connectors to extend and compress axially, 
respectively, substantially evenly when the adjacent 
5 cylindrical segments are subjected to a predetermined 
bending force about the longitudinal axis. 



16. The expandable stent of claim 14, wherein the 
cylindrical segments comprise a circumferential pattern 
10 including first and second sets of "U" shaped elements 

having first and second longitudinal lengths, respectively, 
and wherein the second longitudinal length is substantially 
less than the first longitudinal length. 

15 17. The expandable stent of claim 14, wherein the 

cylindrical segments include a zigzag pattern extending 
circumferentially about each cylindrical segment, the zigzag 
pattern having an amplitude alternating between by the first 
and second longitudinal lengths. 

20 

18. The expandable stent of claim 14, wherein each 
segment is expandable between a contracted condition, a 
first expanded condition, and a second expanded condition. 

25 19. The expandable stent of claim 18, wherein the, 

cylindrical segments comprise a circumferential pattern of 
alternating first and second sets of curvilinear elements 
having alternating first and second resistances to 
expansion, and wherein the first expanded condition is 

30 achieved when a radial force exceeding the first resistance 
to expansion is applied to the cylindrical segments, and the 
second expanded condition is achieved when a radial force 
exceeding the second resistance to expansion is applied to 
the cylindrical segments. 
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20. A device for delivering an expandable stent to a 
site within a patient's body, comprising: 

an elongate member having proximal and distal ends; 

a nose cone on the distal end, the nose cone having a 
5 widened portion and a tapered distal tip to facilitate 
insertion along a body passage; and 

an expandable member on the elongate member proximate 
to the nose cone for receiving an expandable stent thereon. 



10 21. The device of claim 20, further comprising an 

outer sheath slidable over the elongate member, the outer 
sheath including a lumen for receiving the elongate member 
therethrough . 

15 22. The device of claim 21, wherein the outer sheath 

includes a distal end having a diameter substantially 
similar to the widened portion of the nose cone. 

23. The device of claim 21, wherein the outer sheath 
20 includes one or more perfusion holes extending between an 
outer surface of the outer sheath and the lumen. 



24. The device of claim 21, wherein the outer sheath 
includes a tactile indicator on its outer surface proximate 
25 a distal end of the outer sheath. 



25. The device of claim 24, wherein the tactile 
indicator comprises a protrusion on an outer surface of the 
outer sheath, the protrusion having a predetermined 
30 relationship with the expandable member when the elongate 
member is received within the outer sheath. 



26. The device of claim 21, wherein the outer sheath 
includes an expandable dilation member proximate a distal 
end of the sheath for dilating a portion of a body passage. 



WO 99/62430 



PCT/US99/1064S 



32 



27. The device of claim 20, wherein the nose cone 
includes perfusion holes proximal and distal of the widened 
portion . 

28. The device of claim 20, further comprising an 
externally detectable marker on the elongate member at a 
predetermined location with respect to the expandable 
member . 



29. The device of claim 20, further comprising a 
shoulder on the elongate member proximate the expandable 
member, the shoulder having a blunt distal edge for engaging 
a proximal end of an expandable stent received on the 

15 expandable member to prevent substantial proximal movement 
of the expandable stent. 

30. The device of claim 29, wherein the shoulder 
includes a substantially tapered proximal edge to facilitate 

20 withdrawal of the elongate member from a body passage. 



31. A method of implanting a stent within a curved 
region of a body passage, the stent including a plurality of 
cylindrical segments and a plurality of connectors extending 
25 between adjacent segments, each segment including a 

circumferential pattern of alternating curvilinear elements, 
the method comprising the steps of: 

placing the stent in a contracted condition on a distal 
end of a stent delivery device; 
30 advancing the distal end of the stent delivery device 

along the body passage; 

positioning the stent within the curved region; 
expanding the stent to an intermediate enlarged 
condition to substantially eliminate localized radial 
35 forces; 
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expanding the stent further to a final enlarged 
condition, the circumferential pattern of alternating 
curvilinear elements expanding substantially evenly about a 
circumference of the stent to scaffold the curved region; 
5 and 

withdrawing the stent delivery catheter from the body 
passage . 

32. The method of claim 31, wherein the curved region 
10 comprises a channel extending between adjacent blood 

vessels . 

33. The method of claim 32, wherein the adjacent blood 
vessels comprise a coronary vein and a coronary artery. 

34. The method of claim 31, wherein the stent delivery 
catheter includes a balloon thereon onto which the stent is 
placed, and wherein the balloon is inflated to expand the 
stent to the intermediate and final enlarged conditions. 

35. The method of claim 34, wherein the balloon is 
wrapped around the catheter body prior to placing the stent 
thereon, and wherein the balloon automatically unwraps 
substantially as it is inflated to expand the stent to the 
intermediate enlarged condition. 

36. The method of claim 31, wherein the connectors 
include a curve extending partially transversely along the 
circumference of the stent, and wherein connectors disposed 

30 opposite one another about the circumference are axially 

extended and compressed, respectively, substantially evenly 
as the stent bends during the step of expanding the stent to 
the final enlarged condition to scaffold the curved region. 
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37 . A method of implanting a stent across a channel 
connecting two adjacent blood vessels within a patient's 
body, the stent including a plurality of cylindrical 
segments and a plurality of connectors extending between 

5 adjacent segments, each segment including a circumferential 
pattern of alternating curvilinear elements, whereby the 
stent is plastically deformable between a contracted 
condition, an intermediate enlarged condition and a final 
enlarged condition, the method comprising the steps of: 
10 placing the stent in the contracted condition over an 

expandable member on a distal end of a stent delivery 
device; 

• advancing the distal end of the stent delivery device 
within a first blood vessel until the stent is positioned 
15 across the channel; 

expanding the stent to the intermediate enlarged 
condition to substantially eliminate localized radial forces 
created by the expandable member; 

expanding at least a portion of the stent to the final 
20 enlarged condition, the portion of the stent expanding 
substantially evenly about its circumference; and 
withdrawing the stent delivery catheter. 

38. The method of claim 37, comprising the additional 
25 step of placing a guide wire across the channel from one of 

the two adjacent blood vessels, over which the stent 
delivery device is advanced and withdrawn. 

39. The method of claim 37, wherein the adjacent blood 
30 vessels comprise a coronary vein and a coronary artery. 

40. The method of claim 37, wherein the 
circumferential pattern includes a first set of curvilinear 
elements having a first resistance to expansion, and a 

35 second set of curvilinear elements having a second 
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resistance to expansion substantially higher than the first 
resistance to expansion, and wherein the intermediate 
enlarged condition is achieved by overcoming the first 
resistance to expansion, and wherein the final enlarged 
5 condition is achieved by overcoming the second resistance to 
expansion . 

41. The method of claim 37, wherein the stent delivery 
device includes a marker in a predetermined relationship 

10 with the stent, and wherein the marker is observed while the 
stent is positioned across the channel. 

42. The method of claim 37, comprising the additional 
step of creating the channel between the adjacent blood 

15 vessels. 

43. The method of claim 42, wherein the channel is 
created by cutting or removing tissue between the adjacent 
blood vessels. 

20 

44. The method of claim 37, comprising the additional 
step of dilating the channel to a predetermined size. 

45. The method of claim 44, wherein the stent delivery 
25 device comprises a nose cone on its distal end, and wherein 

the nose cone dilates the channel when the distal end of the 
stent delivery device is advanced through the channel. 

46. The method of claim 44, wherein an expandable 

30 dilation member is advanced into the channel and expanded to 
dilate the channel to the predetermined size. 



47. The method of claim 44, wherein the stent delivery 
device includes an outer sheath, and wherein an expandable 
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member on the outer sheath is expanded to dilate the channel 
to the predetermined size. 

48. A method of delivering an expandable stent to a 
5 selected delivery site within a patient's body using a stent 
delivery device that includes an elongate member having an 
expandable member and a nose cone on its distal end, and an 
outer sheath for slidably receiving the elongate member 
therein, the method comprising the steps of: 
10 placing a stent in a contracted condition on the 

expandable member; 

inserting the elongate member into the outer sheath to 
cover the stent, the outer sheath engaging the nose cone to 
provide a substantially smooth transition therebetween; 
15 advancing the distal end of the elongate member along a 

body passage within the patient's body; 

positioning the stent at the selected delivery site; 
withdrawing the outer sheath proximally to expose the 
stent at the selected delivery site; 
20 expanding the stent to an enlarged condition with the 

expandable member; and 

withdrawing the elongate member from the patient's 

body. 

25 49. The method of claim 48, wherein the elongate 

member includes a shoulder proximate the expandable member 
for preventing substantial proximal movement of the stent 
received thereon. 

30 50. The method of claim 48, wherein the body passage 

comprises a vein, and wherein the selected delivery site 
comprises a channel connecting the vein to an adjacent 
artery. 
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51. The method of claim 50, wherein the nose cone at 
least partially dilates the channel when the distal end of 
the catheter body is advanced therethrough. 

52. The method of claim 50, wherein the outer sheath 
includes perfusion holes therethrough to allow continued 
flow of blood along the artery when the stent is positioned 
at the selected delivery site. 

53. The method of claim 50, wherein the nose cone 
includes perfusion holes therethrough to allow continued 
flow of blood along the artery when the stent is positioned 
at the selected delivery site. 

54. The method of claim 48, wherein the stent delivery 
device includes an externally observable marker, and wherein 
the marker is observed when the stent is positioned at the 
selected delivery site. 

55. The method of claim 48, further comprising the 
step of dilating the selected delivery site with an 
expandable member on the outer sheath. 

56. The method of claim 4 8, wherein the outer sheath 
includes an outer protrusion, and wherein the protrusion 
produces a tactile indication when the stent is positioned 
at the selected delivery site. 
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